Summary.-To substantiate the origin of follicular (nodular) lymphoma cells from germinal-centre cells, the lymphoma cells from 7 patients with follicular lymphoma and from 9 tonsils and 2 lymph nodes were studied for the presence and distribution of complement-receptor subtypes (i.e., the receptors for C3b and C3d). It was found that erythrocytes coated with antibodies and C3d (EAC3d) adhered exclusively to germinal centres, whereas erythrocytes coated with antibodies and C3b (EAC3b) adhered to germinal centres and in many instances to the regions between them. These findings indicate that germinal-centre cells bear both complementreceptor subtypes and that the B cells of the interfollicular area, which belong at least in part to the precursors of plasma cells, bear only a receptor for C3b. In frozen sections of follicular lymphomas, a similar distribution of complementreceptor subtypes was observed; EAC3d was bound exclusively to the neoplastic nodules, and EAC3b adhered to the neoplastic nodules and adjacent paranodular tissue. Receptor studies on suspended cells of both normal tonsils and follicular lymphomas revealed a slight predominance of EAC3d+ cells or equal numbers of EAC3b+ and EAC3d+ cells. The complete congruence in the expression and Idistribution of complement-receptor subtypes between tissues from follicular lymphomas and those from normal and hyperplastic tonsils or lymph nodes suggests that follicular lymphoma represents the neoplastic counterpart of the reactive germinal centre.
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FOLLICULAR (nodular) lymphoma is the most common subgroup of malignant nonHodgkin's lymphoma. Until recently, the cellular origin of the follicular lymphoma cells had been controversial. Brill et al. (1925) and Symmers (1927) regarded the nodules as hyperplastic follicles. Later studies established their neoplastic nature (Callender, 1934; Gall et al., 1941; Wright, 1956) . Rappaport et al. (1956) maintained that there was no conclusive evidence for the contention that the so-called follicles of follicular lymphoma arose from, or were related to, reactive germinal centres. Because of the morphological variations observed within this lymphoma group, these authors considered the nodular growth pattern to be an architectural variant that could be seen in any of the histological types of non-Hodgkin's lymphoma. This concept has been widely accepted and, accordingly, the term "nodular lymphoma" was preferred (Rappaport, 1966; Dorfman, 1973; Jones et al., 1973) .
Other authors (Lennert, 1964 (Lennert, , 1967 (Lennert, , 1971 (Lennert, , 1973 Mori and Lennert, 1969; Kojima et al., 1973; Lukes and Collins, 1973) however, pointed out the similarity between the cells of follicular lymphomas and germinal centres, and regarded follicular lymphoma as a distinct entity originating from germinal-centre cells. This view was substantiated by the detection of dendritic reticulum cells in follicular lymphoma (Lennert and Niedorf, 1969; Levine and Dorfman, 1975 (Gerard-Marchant et al., 1974; Lennert et al., 1975 37W , then washed at 22°C with GVB (Veronal-buffered saline containing 0 1% bovine ser-:n albumin, 1-8 X10-4 M calcium, and 5X 10-4M magnesium). EAC1 was then incubated with C4 in amounts insufficient for the EAC14 to become immune-adherence-positive. EAC14 was washed in cold GVB and incubated in C2 and C3 at 37°C for 30 min. EAC1423b (termed EAC3b in the following) was washed in cold GVB, followed by a 2 h incubation with 0-04 M EDTA in GVB to remove Cl. The EAC3b was then divided into aliquots.
To prepare EAC3d, an aliquot of EAC3b was incubated with purified C3 inactivator (obtained from Cordes, U.S.A.) for 2-8 h at 37°C, followed by one wash with 0 04 M EDTA in GVB and 2 washes with GVB. The C3 inactivator was used in a concentration 5 x that found to be just sufficient to make the EAC3b immune-adherence-. The remaining aliquot of EAC3b was treated in a similar manner, differing only in that the C3 inactivator was omitted from GVB for the 2-8 h incubation.
The EAC3b and EAC3d intermediates were tested for immune adherence with human erythrocytes in a haemagglutination assay as described by Bokisch and Sobel (1974) . EAC3b was used for detection of C3b receptors only when it showed a strong haemagglutination with human erythrocytes. EAC3d was used for the detection of C3d receptors only when it was completely immuneadherence-with human erythrocytes, but strongly positive with germinal-centre cells of tonsil sections and with the cells of a C3b-and C3d+ CLL.
Binding assay of EAC3b and EAC3d in suspensions and frozen sections.-Equal volumes of white-cell suspensions (5 x 106 cells/ ml) and of EAC3b or EAC3d suspensions (8 x 107 cells/ml) were mixed, incubated for 5 min at 37°, centrifuged for 5 min at 200 g, and incubated again under gentle rotation for 30 min at 37°C. Rosette-forming cells were then counted in a haemocytometer chamber. Any cell that bound 3 or more erythrocytes was scored as positive. IgM-EA, used as a control, was consistently negative under these conditions. For cytological identification of individual rosetted cells, cytocentrifuge slides were prepared from the cell-reaction mixtures and stained with Pappenheim and for nonspecific esterase.
To achieve a well-reproducible and constant binding of EAC intermediates on tissue sections, a flat chamber was built over the lyophilized s t:ions and filled with IgM-EA, EAC3b, or EAC3d. The slides with sealed chambers were then centrifuged at 300 g for 8 min in a swinging rotor. The slides were washed x 6 in phosphate-buffered saline to remove non-adherent red cells. The resultant preparations were fixed for 10 min in formalin-methanol (1: 9 vol/vol) stained w-ith haematoxylin and eosin, and examined by light microscopy.
Binding assay of sheep erythrocytes (E).
The modification of Seiler et al. (1972) and Weiner et al. (1973) was applied, using sheep E treated with neuraminidase (Behring, Germany). Demonstration of non-specific esterase. The enzyme cytochemical reaction for tronspecific esterase was performed according to the method described by Leder (1967) .
Demonstration of surface immunoglobulin (SIg).-SIg was detected by direct immunofluorescence, following the procedure described by Vossen (1975) . FITC-and/or RHITCconjugated antisera (Nordic Pharmaceuticals, Holland) were used at a dilution of 1:4. The specificity of these antisera was assessed by staining fixed cells from multiple myeloma and macroglobulinaemia of Waldenstrom with known cytoplasmic Ig content.
RESULTS

Binding of EAC3b and EAC3d on frozen sections
In frozen sections of normal or hyperplastic tonsils and lymph nodes, EAC3d was observed to adhere consistently to germinal centres, including the inner part of or, less often, the whole follicular mantle. In contrast, EAC3b adhered not only to germinal centres and to the whole follicular mantle, but in many instances also, even if less densely, to the area between the germinal centres and the medullary cords of the lymphatic tissue ( Fig. 2a and b) . IgM-EA-treated sections were always completely negative.
In frozen sections of lymphatic tissue wholly replaced by follicular lymphoma, EAC3d was found to adhere consistently to the central parts of neoplastic nodules, and to spare sharply the marginal parts of the neoplastic nodules and the internodular cords. The EAC3b reagent, however, consistently adhered to the neoplastic nodules and adjacent paranodular tissue. In one case, an adherence of EAC3b was found over the whole section, though less densely in the internodular area ( Fig. 2c and d) . There appeared to be no difference in principle between the reaction patterns of the cases containing more large cells (equivalent to malignant lym- phoma, mixed lymphocytic-histocytic, nodular) and the cases predominantly composed of small to medium-sized cells (equivalent to malignant lymphoma, poorly differentiated type, nodular). The IgM-EA control reagent never adhered to any portion of the frozen sections. Rosette formation of cells from tissue suspensions Although the EAC3b adhered to larger parts of the frozen tonsil and lymphnode sections than did EAC3d, in tonsils EAC3d+ cells exceeded the number of EAC3b+ cells in most instances (Table I) . Nearly all the cells forming rosettes with EAC intermediates were identified as lymphoid cells when examined on cytocentrifuge slides stained either with Pappenheim or for non-specific esterase.
Using the morphological criteria given by Lennert (1957 Lennert ( , 1964 (Table I) ).
Cytological examination of the rosetted cells from 2 cases revealed a mixture of medium-sized lymphoid cells with cleaved nuclei and large cells containing large nuclei with frequently marginal nucleoli and sparse basophilic cytoplasm. The smaller cells highly predominated in number. On slides stained for non-specific esterase, both the medium-sized and large cells were nearly completely negative, indicating that they neither were derived from, nor were members of, the monocytic or histiocytic cell series.
Surface immunoglobulin (SIg) on cells from tissue suspensions
The percentage of Ig-bearing cells from 5 tonsils and 3 follicular lymphomas is presented in Table I . In both hyperplastic tonsils and the follicular lymphomas, IgM-bearing cells were predominant; however, in all but one instance, a significant proportion of IgD-bearing cells was also present. Dukor et al. (1970) found with this technique that EAC prepared with whole mouse serum as complement source (EAC mouse) is bound exclusively to germinal centres, indicating that the cells of germinal centres, but not those of the marginal zones and medullary cords, bear complement receptors.
As mentioned in the introduction, the relationship between the neoplastic nodules in follicular lymphoma and reactive germinal centres has been a subject of debate for many years. There are many differences between the neoplastic nodules of follicular lymphoma and reactive germinal centres. The most important differences are as follows:
(a) Florid reactive germinal centres contain a large number of so-called starrysky macrophages, which actively phagocytose germinal-centre cells and/or nuclear debris, and which are synonymous with tingible-body macrophages. In contrast, starry-sky macrophages are usually rare or absent from neoplastic follicles, although in rare cases they may be numerous (Lennert, 1964) ; (b) In contrast to many reactive germinal centres, there is no "zoning" in neoplastic follicles, with a light upper and a dark lower part. There is also no cap-like expansion of the follicular mantle on one side of the neoplastic follicle; (c) In follicular lymphoma small lymphoid cells (centrocyte-like cells) usually predominate, whereas in reactive, or at least in florid germinal centres, large lymphoid cells (centroblast-like cells) constitute a significant, or even the major proportion of the proliferating cells; (d) In some cases the SIg of the follicular-lvmphoma cells differs in heavychain class from that usually found on the cells of reactive germinal centres (Leech et al., 1975; present study); and (e) The characteristic network pattern of Ig distribution that is easily detectable in germinal centres of benign reactive hyperplasia, was never seen by Braylan and Rappaport (1973) in neoplastic nodules. It was also undetectable in the nodules of the cases we studied.
On the other hand, there are distinct similarities between follicular lymphoma and reactive germinal centres. First, follicular lymphoma has a follicular proliferation pattern, like reactive germinal centres. Second, the cells proliferating in follicular lymphoma are morphologically indistinguishable from germinal-centre cells (Lennert, 1964 (Lennert, , 1973 Mori and Lennert, 1969; Stein, 1976) . Third, dendritic reticulum cells, which are normally confined to germinal centres, are also present in the neoplastic nodules of follicular lymphoma (Lennert and Niedorf, 1969; Levine and Dorfman, 1975) . These findings were generally not accepted, however, as convincing arguments for the germinal-centre-cell origin of follicular lymphoma (e.g. Dorfman, 1973) . The immunological data of Jaffe et al. (1974) proved to be more convincing. In frozen sections of 6 cases of follicular lymphoma, they found that the neoplastic nodules bound EAC mouse, like reactive germinal centres. We made a similar observation in 14/16 follicular lymphomas (Stein, 1976) . These findings speak for a close relationship between follicular-lymphoma cells and cells of reactive germinal centres.
Our present study is concerned with the occurrence of the 2 recently described complement-receptor subtypes on suspended cells and their distribution in frozen sections of normal tissue (see Table II ) and of follicular lymphomas. Quantitation of the complementreceptor+ cells in suspension from tonsils revealed a usual predominance of C3d+ over C3b+ cells (Table I) It follows that not all cells of the plasmacell reaction are consistently devoid of complement receptors, as was formerly assumed (Jaffe et al., 1974) but are only completely devoid of the C3d receptor.
We conclude that (a) the simultaneous presence of C3b and C3d receptors is a constant and characteristic feature of most germinal-centre cells, (b) some germinalcentre cells apparently have the C3d but not the C3b receptor, (c) the sole presence of C3b receptors appears to be a marker of the "starter" cells of the plasma-cell reaction located in the interfollicular area, and (d) EAC prepared with whole serum as complement source preferentially detects C3d receptors on frozen sections.
Our studies on follicular lymphoma revealed an expression and distribution of the complement-receptor subtypes on suspended cells and frozen sections similar to that of normal lymphatic tissue. The neoplastic nodules bound both EAC3b and EAC3d, whereas the peripheral rim of the nodules and the adjacent tissue bound only EAC3b. Thus, the follicular lymphoma cells not only expressed both complement-receptor subtypes, like normal germinal-centre cells, but also showed a distribution of the complement receptor subtypes similar to that of normal lymphatic tissue. These observations provide compelling arguments-although not direct proof-that, in spite of the differences mentioned above, the cells of neoplastic follicles are closely related in nature to the lymphoid cells of reactive germinal centres.
It has been repeatedly questioned (Jaffe et al., 1974; Butler et al., 1975) whether the neoplastic cells of follicular lymphoma are present in interfollicular areas as well as in the neoplastic nodules, or whether the neoplastic cells are confined to the follicular structures, and the interfollicular tissue is composed of normal lymphoid cells. The data from the present complement-receptor studies, and particularly the results of surface and cytoplasmic Ig analyses, favour the first view. Our surface-Ig studies revealed a completely monotypic light-chain staining pattern of the suspended cells from all 3 cases of follicular lymphoma analysed. Similar Leech et al. (1975) . In demonstrations of cytoplasmic Ig with the immuno-peroxidase bridge method on paraffin sections, Taylor (1976) and Papadimitriou of our research group observed that cytoplasmic Ig+ cells are present in a majority of follicular lymphomas. Characteristically, most of the cytoplasmic Ig+ cells were usually distributed around the neoplastic nodules, and only a few were found within the neoplastic nodules. The cytoplasmic staining of the intranodular cells and of the perinodular cells was consistently restricted, however, to the same heavy-and light-chain types. These studies indicate that most, or at least some of the interfollicular cells, and the cells in the nodules of follicular lymphoma, are parts of the same neoplastic process. From the studies of cytoplasmic Ig, it also became evident that the distribution of cytoplasmic Ig+ cells in follicular lymphoma is very similar to that found in hyperplastic lymphatic tissue: here, most of the CIg+ cells were also scattered around germinal centres (Stein and Fuchs (unpublished) ). Normal germinal-centre-cell formation has been shown to be T-cell dependent (e.g., Jacobsen et al., 1974) . Whether this is also the case in follicular lymphoma remains to be determined. The relatively high content of T cells in follicular lymphomas (Jaffe et al., 1974; Aisenberg and Long, 1975 ; present study) speaks, however, for the assumption that the neoplastic B cells proliferating in follicular lymphoma are not fully independent, but still partly respond to regulatory mechanisms of T cells; this results in formation of germinal-centre-like structures with appropriate differentiation of the neoplastic cells, namely, centroblastand centrocyte-like cells.
